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Purpose:The feasibility of endovascular aneurysm repair depends onmorphologic characteristics of the aortoiliac segment.
Knowledge of such characteristics is relevant to safe deployment of a particular device in a single patient and to
development of new devices for use in patients with a broader spectrum of anatomic variations.
Methods: We evaluated findings on computed tomography scans for 277 patients being considered for endovascular
aneurysm repair. Aortic neck length and angulation estimates were generated with three-dimensional trigonometry.
Specific centerline points were recorded, corresponding to the aorta at the celiac axis, lowest renal artery, cranial aspect
of the aneurysm sac, aortic terminus, right hypogastric artery origin, and left hypogastric origin. Aortic neck thrombus
and calcium content were recorded, and neck conicity was calculated in degrees. Statistical analysis was performed with
the Spearman rank correlation. Data are expressed as median and interquartile range.
Results: Median diameter of the aneurysms was 52 mm (interquartile range, 48-59 mm) in minor axis and 56 mm
(interquartile range, 51-64 mm) in major axis, and median length was 88 mm (interquartile range, 74-103 mm). Median
proximal aortic neck diameter was 26 mm (interquartile range, 22-29 mm), and median neck length was 30 mm
(interquartile range, 18-45 mm). The common iliac arteries were similar in diameter (right artery, 16 mm [interquartile
range, 13-20 mm]; left artery, 15 mm [interquartile range, 11-18 mm]) and length (right, 59 mm [interquartile range,
50-69 mm]; left, 60 mm [interquartile range, 49-70 mm]). Median angulation of the infrarenal aortic neck was 40
degrees (interquartile range, 29-51 degrees), and median angulation of the suprarenal segment was 45 degrees
(interquartile range, 36-57 degrees). By gender, sac diameter, proximal neck diameter, and iliac artery diameter were
significantly larger in men. Significant linear associations were identified between sac diameter and sac length, neck
angulation, and iliac artery diameter. As the length of the aneurysm sac increased the proximal aortic neck length
decreased. Conversely, as the sac length decreased sac eccentricity increased. Mural thrombus content within the neck
increased with increasing neck diameter.
Conclusions: There is considerable variability in aortoiliac morphologic parameters. Significant associations were found
between various morphologic variables, links that are presumably related to a shared pathogenesis for aberration in
aortoiliac diameter, length, and angulation. Ultimately this information can be used to develop new endovascular devices
with broader applicability and improved long-term results. (J Vasc Surg 2003;38:323-8.)
Feasibility of endovascular abdominal aortic aneurysm
(AAA) repair depends on aortoiliac anatomy.1 Variables
such as diameter, length, and angulation predict outcome
after endovascular exclusion, and many of these are inter-
related.2-4 The association may be direct, occurring when
an abnormality in one anatomic segment causes changes in
an adjacent segment, eg, elongation of the aneurysmal sac
may drive the proximal aortic neck cranially and the aortic
bifurcation caudally, creating neck angulation and iliac
artery tortuosity, respectively. Or the relationship may be
one of shared pathogenesis, eg, large aortic neck caliber and
generous iliac vessels may be linked to a propensity for
generalized arteriomegaly.
Anatomic relationships are important when planning
endovascular treatment strategies. Presently available stent-
graft devices are limited to a discrete range of sizes. Failure
to adhere to the particular constraints of a device may result
in inferior outcome. Information about the range of diam-
eter and length of the various aortoiliac segments is useful
in the design of stent grafts that can address the broad
spectrum of anatomic variation. Previous studies have un-
covered relationships between clinical outcome and certain
anatomic parameters,5,6 and these associations may be re-
lated to other, unmeasured anatomic features closely linked
to the observed parameter. With these issues at hand, we
reviewed preoperative computed tomography (CT) scans
of patients undergoing AAA repair, both to define the
range of anatomic variation that exists and to identify
potential linkage between various anatomic parameters.
METHODS
We reviewed preoperative CT scans of 277 patients
undergoing evaluation for endovascular AAA repair over 6
years ending in 2002. Patients were selected on the basis of
adequacy and availability of CT scans. Among this group,
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77 patients (28%) were evaluated for commercially ap-
proved devices, ie, AneuRx (Medtronic/AVE, Santa Rosa,
Calif; n  51) and Ancure (Guidant Corp, Menlo Park,
Calif; n  26). The remaining 200 patients (72%) were
evaluated for devices studied as part of investigational de-
vice exemption trials, ie, Zenith (Cook, Bloomington, Ind;
n  196) and Excluder (W. L. Gore and Assoc, Flagstaff,
Ariz; n  4). The study protocol had institutional review
board approval. CT was performed with 3 mm collimation
before and after intravenous administration of contrast
material. Arterial diameter was measured from adventitia to
adventitia. Diameter of the aneurysm sac was measured in
minor and major axes, on the CT section with the largest
estimated cross-sectional area. Diameters of the iliac arter-
ies were measured in minor axis on the axial image penul-
timate to that of the hypogastric artery origin. The proxi-
mal aortic neck was assessed for the presence of thrombus
or calcium, each of which was graded on a scale of 1 to 5,
representing the quintile of involved luminal circumfer-
ence. The suprarenal aortic segment was defined as that
segment between the origin of the celiac axis and the lowest
renal artery. The infrarenal neck was defined as the segment
between the lowest renal artery and the most proximal
aspect of the sac. When no clear transition between aortic
neck and aneurysm sac could be defined, the caudal aspect
of the neck was considered the point where the diameter
increased by more than 10% from one 3 mm CT section to
the next. “Conicity” of the aortic neck, expressed in de-
grees, was defined as enlargement in the inter-adventitial
diameter over the length of the neck. Sac eccentricity was
defined as the difference between the major and minor sac
dimensions, divided by the major sac dimension, and was
expressed as percentage, corrected for overestimation at-
tributable to sac angulation.
Length and angulation estimates were generated with
three-dimensional (3D) centerline trigonometry. Specific
centerline points were recorded in 3D space, corresponding
to the center of the aortic lumen at the celiac axis, lowest
renal artery, cranial aspect of the aneurysm sac, aortic
terminus, and center of the iliac lumen at the right and left
hypogastric artery origins. Each point was assigned x ,y, and
z coordinates (Fig 1), where x is left-right distance, y is
posterior-anterior distance, and z is table position (height).
The distance between any two points (x, y, z) and (x', y', z')
in 3D space was calculated as:
Distance  (x2  y2  z2)1/2
The angle, expressed in degrees and defined by the three
lines a, b, and c, was calculated for infrarenal neck angula-
tion (Fig 2) and suprarenal segment angulation (Fig 3) as:
Angle   180  arccosine [(a2  b2  c2)/(2 a  b)]
Fig 1. Measurement of x, y, z coordinates on an axial CT scan. On
this particular image, center of the flow lumen was measured as 5
mm to the left of the reference midline (x  5) and 125 mm
anterior to the posterior reference (y  125), and table position
was 277.5 (z  278).
Fig 2. Three dimensional, trigonometric method to calculate
angulation of the infrarenal aortic neck. Angiogram is shown for
demonstration purposes only; all data calculations were based on x,
y, z centerline points fromCT scans. White circles designate origins
of vessels. Angle (180-degree angle C) represents infrarenal neck
angulation. In this example,  was 63 degrees.
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Conicity of the infrarenal neck was calculated as the angle
between the wall of the neck and the aortic centerline of
blood flow (Fig 4), expressed in degrees and calculated as:
Angle   arctangent [1⁄2(d  e)/f]
Statistical analyses were performed with JMP (version 5;
SAS Institute, Cary, NC). Because of nonnormality of
some variables, the Mann-Whitney U test was used for
comparison between genders. Linear correlation was mea-
sured with the Spearman rank correlation. The Bonferroni
adjustment was used to correct for multiple testing. Thus
significance was declared at (two-tailed) P  .003 (
.05/15) for comparisons between genders and P  .0005
( .05/105) for testing all pairwise correlations. Results
are expressed as median and interquartile range (25%ile-
75%ile).
RESULTS
Median aneurysm diameter was 52 mm (range, 48-59
mm) in minor axis and 56 mm (range, 51-64 mm) in major
axis, and was 88 mm (range, 74-103 mm) long. Median
infrarenal neck diameter was 26 mm (range, 22-29 mm),
with median length 30 mm (range, 18-46 mm). The com-
mon iliac arteries were similar in diameter: right artery, 16
mm (range, 13-20 mm); left artery, 15 mm (range, 11-18
mm) and length (right, 59 mm (range, 50-69 mm); left, 60
mm (range, 49-70 mm). Median angulation of the infrare-
nal aortic neck was 40 degrees (range, 29-51 degrees), and
of the suprarenal segment was 45 degrees (range, 36-57
degrees). Median eccentricity of the aortic sac was 4.6%
(range, 1.9%-9.9%). Proximal aortic neck thrombus was
present in 74% of patients, involving more than half the
neck circumference in 66% of patients, but was 2 mm
thick in only 15% of patients. Aortic neck calcification was
observed in 81% of patients, but involved more than half
the neck circumference in only 23% of patients. Median
conicity of the infrarenal aortic neck was 1.2 degrees
(range, 0-2.0 degrees), but ranged from5 to 16 degrees.
Overall, 71% of necks demonstrated some measure of co-
nicity, but only 15% were defined as truly conical, with a
threshold of 2.9 degrees, corresponding to 10% diameter
change over the length of the neck. Further, although 6.3%
of necks had a “reverse conical” configuration, the 2.9
degree (10%) threshold was exceeded in only 1.1% of necks.
Gender-specific dimensions of the various anatomic
segments are presented in Table I. In men, aneurysms were
larger, with larger sac diameter (minor axis, P .04; major
axis, P .01), proximal aortic neck diameter (P .04), and
common iliac artery diameter (right, P  .004; left, P 
.001), but only the association between gender and iliac
diameter achieved statistical significance after Bonferroni
Fig 3. Three dimensional, trigonometric method to calculate
angulation of the suprarenal aortic segment. White circles designate
origins of vessels. Angle  (180-degree angle C) represents su-
prarenal–infrarenal neck angulation. In this example,  was 56
degrees.
Fig 4. Calculation of neck conicity, as depicted with angle ',
measured from CT scans (angiogram is shown for demonstration
purposes only), and calculated as arctangent [1⁄2(d  e)/f]. In this
example,  was 13 degrees.
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correction. There was no statistically significant difference
in length of any arterial segment or in angulation. As well,
there was no gender-specific difference in degree of sac
eccentricity, proximal neck thrombus, or calcium content,
or in neck conicity.
Significant correlations were observed for many of the
anatomic parameters measured (threshold 	 level, .003;
Table II, online only). As aneurysm sac diameter increased,
so did sac length, suprarenal segment angulation, infrarenal
neck angulation, and right common iliac artery diameter.
The correlation between sac diameter and left common
iliac artery diameter did not achieve statistical significance
(P .004) after Bonferroni correction for multiple testing.
As aneurysm sac length increased, so did suprarenal seg-
ment angulation and sac–left iliac angulation, whereas
proximal aortic neck length decreased. Eccentricity was
inversely correlated with sac length; shorter sacs tended to
be more eccentric, ie, to manifest greater disparity between
major and minor axes. Thus longer, fusiform aneurysms
tended to be more circular in axial cross-section, and
shorter, saccular aneurysms weremore frequently eccentric.
Significant associations were also identified between
infrarenal neck architecture and other anatomic parame-
ters. The presence of thrombus in the proximal neck was
correlated with diameter; larger necks had more thrombus.
Infrarenal neck conicity was positively correlated with an-
eurysm sac length; the longer the aneurysm sac the more
conical the neck. Neck conicity was negatively correlated
with infrarenal neck length; shorter necks tended to be
more conical.
DISCUSSION
The success of endovascular technology depends on
appreciation of the anatomy of the target vascular seg-
ment.2,3 Such understanding is possible only after analyz-
ing precise measurements from anatomic specimens or
high-resolution imaging studies. Almost a decade ago,
Chuter et al1 predicted the failure of aorto-aortic tube
endografts after measuring the distal aortic anatomy on CT
images of 22 patients with aneurysms. The authors con-
cluded, “We believe that many such repairs would eventu-
ally leak.” The recent report of Faries et al7 substantiated
the early predictions of Chuter and associates, document-
ing development of distal endoleak in 18% of patients
undergoing tube-graft repair, with failure at a mean of 1
year postoperatively.
Morphologic parameters such as diameter of the prox-
imal aortic neck and iliac arteries determine whether an
endovascular approach is feasible, given the constraints of
available devices.8,9 Other factors such as angulation5 and
tortuosity of the vessels,10 presence of calcium in the iliac
arteries,11 and extent of proximal neck thrombus12,13 de-
termine whether the endovascular device can be safely
delivered without arterial injury or embolization. These
and other characteristics are also associated with long-term
efficacy, specifically with respect to risk for device migra-
tion, development of high-pressure endoleak, and aneu-
rysm rupture.5,14
Accurate quantification of length, diameter, and angu-
lation is possible with analysis of high-resolution CT scans,
especially when 3D anatomic considerations are taken into
account.15-17 Two-dimensional analysis or analysis based
on relationships between anatomic structures, eg, aorta and
vertebral column, may introduce error (Fig 5). For this
reason, we used 3D centerline trigonometry to characterize
the distribution of various aortoiliac morphologic parame-
ters, as found in patients undergoing evaluation for endo-
vascular AAA repair. Further, we correlated the parameters
with each other, to determine relationships that might
enable prediction of clinical outcome. As just one example
of the use of such analysis, a link between larger aneurysm
and shorter, more angulated neck suggests that endovascu-
lar repair of ruptured aneurysm would be more technically
challenging. Such correlations have been considered in the
Table I. Anatomic variability in patients with abdominal aortic aneurysm
Gender
Male Female P
Minor aneurysm diameter (mm) 53 [48-60] 51 [46-56] .04*
Major aneurysm diameter (mm) 57 [52-65] 54 [49-62] .01*
Infrarenal neck diameter (mm) 26 [23-29] 25 [20-28] .04*
Right common iliac diameter (mm) 17 [14-20] 12 [10-17] .004*
Left common iliac diameter (mm) 15 [12-18] 11 [10-15] .001*
Suprarenal segment length (mm) 41 [34-49] 39 [33-43] .19
Infrarenal neck length (mm) 30 [18-46] 29 [21-42] .88
Aneurysm sac length (mm) 88 [75-105] 84 [66-100] .18
Right common iliac length (mm) 59 [50-69] 58 [52-70] .65
Left common iliac length (mm) 60 [49-70] 62 [48-71] .65
SR-IR angulation (degrees) 45 [36-57] 48 [35-57] .90
IR-sac angulation (degrees) 39 [28-50] 46 [33-58] .14
Sac-RI angulation (degrees) 49 [38-58] 48 [35-62] .43
Sac-LI angulation (degrees) 51 [41-63] 59 [41-67] .25
Values represent median and, in brackets, interquartile (25%ile-75%ile) range.
SR, Suprarenal segment; IR, infrarenal neck; RI, right common iliac artery; LI, left common iliac artery.
*Male significantly greater than female (Mann-Whitney U test).
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design of devices, with increased flexibility of use in repair
of ruptured aneurysm.18,19
Our data provide benchmarks characteristic of impor-
tant morphologic indexes. To date, standards have been
based on assumptions that lacked a foundation of reliable
data or were rooted in smaller, sometimes anecdotal se-
ries.14 In other cases, standards have been based on a
consensus of experts alone.20 Despite the small number of
patients in previous studies, our findings are remarkably
similar to those previously published. The original article of
Chuter et al1 documented a mean proximal neck length of
27 mm and diameter of 25 mm, very similar to our mea-
surements of 32 and 26 mm, respectively. Other series also
have documented findings similar to ours.21 The present
analysis, however, provides new data not available from
previous studies. A larger database increased the power of
the analysis; failure to detect correlations between different
parameters in smaller studies may have been a function of
sample size.22We tabulated a large number of morphologic
parameters spanning the range of aortoiliac anatomy, in-
cluding the suprarenal, infrarenal, aneurysm, and iliac seg-
ments. Use of 3D analysis provided the potential to dimin-
ish inaccuracies inherent in measurements obtained solely
from two-dimensional angiographic images and axial CT
scans.
We defined characteristic norms and variation for the
spectrum of morphologic variables important in the design
and implementation of endovascular AAA devices. Such
information may be helpful in designing new grading
schemes for categorizing risk for clinical failure, improving
the validity of such schemes with availability of data on
anatomic measurements and their variations. Gender dif-
ferences, similar to those previously reported, were con-
firmed in the present study. Aneurysms in men tend to have
larger diameter sac, larger diameter proximal aortic neck,
and larger caliber iliac arteries. Length differences, how-
ever, were not evident between genders.
We subjected the morphologic data to exploratory
analysis, correlating 18 morphologic variables with each
other, with a conservative Bonferroni correction for 	
inflation that occurs with multiple testing. Some significant
correlations corroborated previous findings, eg, relation-
ships between aneurysms with large diameter and angu-
lated neck,5 and large aneurysm and long sac.1,21 Some
findings of other investigators, eg, relationship between
large aneurysm and short proximal aortic neck4 and large
diameter proximal aortic neck21 were not supported by our
data. Use of a conservative 	 threshold in our study might
explain this paradox. In addition, other studies have not
identified some of the significant correlations we found in
the present analysis, eg, relationship between proximal
aortic neck diameter and mural thrombus, neck length and
conicity, and aneurysm sac length and neck conicity. Cor-
relation between smaller sac diameter and increased sac
eccentricity might be explained by more aggressive referral
of asymmetric saccular outpouchings, based on the pre-
sumption of a higher risk for rupture. Moreover, the asso-
ciation between sac diameter and iliac artery diameter, sac
diameter and neck angulation, and neck diameter and iliac
diameter, while intuitive, has not been previously identified
in the literature. The association between neck diameter
and presence of mural thrombus, not previously reported,
is not surprising. The correlation between longer aneu-
rysms sac and neck conicity, and between shorter proximal
neck length and neck conicity was more difficult to explain.
We speculate that arteries with a greater degree of longitu-
dinal aneurysm involvement, ie, those with longer sacs and
shorter necks, might be prone to conical degeneration
immediately below the renal ostia.
The present analysis has limitations intrinsic to its ret-
rospective nature and selectivity. Imaging studies for pa-
tients who clearly were not candidates for endovascular
repair on the basis of imaging studies from outside institu-
tions were not available for inclusion, potentially biasing
our analysis to a select group of patients with more favor-
able aneurysm anatomy. We had no way of assessing the
morphologic characteristics of the population from which
our referrals were generated. As such, the results cannot be
directly generalized to the general population. Another
limitation is that the 3D trigonometric technique, although
based on 3D CT coordinates, assumes a stick man config-
uration of aortoiliac anatomy, with straight-line assump-
tions between the five reference points, ie, celiac origin, top
Fig 5. Magnetic resonance image in saggital plane demonstrates
angulation of the aortic axis (black line) in relation to axis of the
vertebral column (white line). Note that aortic anteroposterior
angulation is mildly underestimated when the vertebral column is
used as the reference, a feature that attains importance when
angling the image intensifier gantry during endovascular aneurysm
repair.
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of aneurysm sac, aortic terminus, and the bilateral hypogas-
tric artery ostia. This technique, as well as other methods,
inaccurately portrays tortuous or curvilinear pathways.
CONCLUSION
We have identified the range of anatomic variation
observed in a large number of patients being considered for
endovascular repair of AAA. In addition, we have defined
significant correlations between various morphologic pa-
rameters, ie, associations that may be related to a shared
pathogenesis for aberration in diameter, length, and angu-
lation. These data may be useful in design of future endo-
vascular devices as well as grading schemes for use when
comparing studies performed in disparate patient popula-
tions. Eventually, these measures can be correlated with
clinical outcome to identify baseline anatomic variables that
predict satisfactory long-term outcome after endovascular
aneurysm repair.
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Table II, online only. Spearman rank correlation*
Sac
minor
axis
diameter
Sac
major
axis
diameter
Suprarenal
neck
angulation
Infrarenal
neck
angulation
Sac–right
iliac
angulation
Sac–left
iliac
angulation
Infrarenal
neck
diameter
Infrarenal
neck
length
Sac minor axis diameter
Correlation coefficient 1 0.869175386 0.303703087 0.323375339 0.176067432 0.172103746 0.103638402 0.151285945
Valid cases 277 266 259 267 261 260 277 276
One-sided significance 0 0 3.14373E-07 3.23814E-08 0.002164576 0.00269701 0.042559577 0.005927276
Sac major axis diameter
Correlation coefficient 0.869175386 1 0.33496053 0.298137788 0.193335201 0.186103335 0.134656311 0.18830922
Valid cases 266 266 259 267 261 260 277 276
One-sided significance 0 0 1.64712E-08 3.4875E-07 0.000850252 0.001294545 0.012506232 0.000837875
Suprarenal neck angulation
Correlation coefficient 0.303703087 0.33496053 1 0.400877142 0.003016752 0.008720593 0.12097895 0.222356385
Valid cases 259 259 260 255 245 245 260 260
One-sided significance 3.14373E-07 1.64712E-08 0 1.45478E-11 0.481265274 0.445988353 0.02567817 0.000151072
Infrarenal neck angulation
Correlation coefficient 0.323375339 0.298137788 0.400877142 1 0.032116013 0.115298838 0.12387056 0.150869491
Valid cases 267 267 255 268 257 256 267 268
One-sided significance 3.23814E-08 3.4875E-07 1.45476E-11 0 0.304157106 0.032744828 0.021569565 0.006709266
Sac–right iliac angulation
Correlation coefficient 0.176067432 0.193335201 0.003016752 0.032116013 1 0.029847261 0.004883242 0.07891589
Valid cases 261 261 245 257 262 261 262 261
One-sided significance 0.002164576 0.000850252 0.481265274 0.304157106 0 0.315617346 0.468649661 0.101901945
Sac–left iliac angulation
Correlation coefficient 0.172103746 0.186103335 0.008720593 0.115298838 0.029847261 1 0.04920882 0.080051194
Valid cases 260 260 245 256 261 261 261 260
One-sided significance 0.00269701 0.001294545 0.445988353 0.032744828 0.315617346 0 0.214280438 0.099111116
Infrarenal neck diameter
Correlation coefficient 0.103638402 0.134656311 0.12097895 0.12387056 0.004883242 0.04920882 1 0.117676442
Valid cases 277 277 260 267 262 261 278 276
One-sided significance 0.042559577 0.012506232 0.02567817 0.021569565 0.468649661 0.214280438 0 0.025415383
Infrarenal neck length
Correlation coefficient 0.151285945 0.18830922 0.222356385 0.150869491 0.07891589 0.080051194 0.117676442 1
Valid cases 276 276 260 268 261 260 276 277
One-sided significance 0.005927276 0.000837875 0.000151072 0.006709266 0.101901945 0.099111116 0.025415383 0
Right common iliac diameter
Correlation coefficient 0.249111661 0.237537301 0.040485803 0.094761097 0.0667154 0.161506194 0.25758139 0.021374718
Valid cases 271 271 254 261 262 261 272 270
One-sided significance 1.68055E-05 3.92475E-05 0.260333254 0.063380218 0.140981793 0.004476144 8.48694E-06 0.36330711
Right common iliac length
Correlation coefficient 0.084271540.052778555 0.007498254 0.079187997 0.182349611 0.228268543 0.016432034 0.025025923
Valid cases 263 263 246 257 262 261 264 262
One-sided significance 0.08650905 0.196984512 0.45342679 0.102885554 0.001526503 9.98824E-05 0.395219738 0.343398264
Left common iliac diameter
Correlation coefficient 0.157690473 0.1903879 0.024778852 0.016414624 0.003494768 0.118042963 0.232777213 0.063392451
Valid cases 270 270 254 260 261 261 271 269
One-sided significance 0.004724661 0.000837064 0.347151468 0.396113325 0.477595673 0.028419113 5.49685E-05 0.150121125
Left common iliac length
Correlation coefficient 0.0057454106 0.023001491 0.105022625 0.070158398 0.109052707 0.047598245 0.049879016 0.173045489
Valid cases 262 262 246 258 261 261 263 261
One-sided significance 0.46313102 0.355475006 0.050152831 0.131693917 0.039323373 0.22192251 0.210251116 0.002528372
Sac length
Correlation coefficient 0.499911583 0.476810576 0.331238056 0.199124682 0.189703269 0.211246799 0.006166648 0.502030113
Valid cases 272 272 255 268 262 261 272 272
One-sided significance 6.62898E-19 3.79331E-17 3.02769E-08 0.000523733 0.001021238 0.000295988 0.45968174 4.5031E-19
Suprarenal neck length
Correlation coefficient 0.110694062 0.129893078 0.303162997 0.065161037 0.02304595 0.024094147 0.122303415 0.123286291
Valid cases 265 265 260 256 249 249 265 265
One-sided significance 0.036010693 0.017280186 3.13752E-07 0.149500388 0.358721897 0.352588604 0.023349679 0.022474909
Sac eccentricity
Correlation coefficient 0.2946565 0.056727151 0.076736551 0.060655928 0.015838176 0.0585985 0.05130175 0.02087285
Valid cases 275 275 257 265 261 260 275 273
One-sided significance 3.26313E-07 0.174332132 0.110100805 0.162644985 0.399492323 0.173319465 0.19837877 0.385674714
Proximal neck thrombus
Correlation coefficient 0.007280738 0.004661552 0.102561926 0.024762771 0.062753924 0.004717694 0.305420622 0.060613386
Valid cases 265 265 248 257 253 252 266 264
One-sided significance 0.453048446 0.469898005 0.053563857 0.346383491 0.160062844 0.470298653 1.89021E-07 0.163276644
Proximal neck calcification
Correlation coefficient 0.026894579 0.061084699 0.093218935 0.034492611 0.037137415 0.090032251 0.093333951 0.043350553
Valid cases 269 269 252 260 257 256 270 268
One-sided significance 0.330283962 0.159108049 0.070017241 0.289905241 0.276704246 0.075446406 0.063025785 0.239878252
Proximal neck conicity
Correlation coefficient 0.003870161 0.014444473 0.03386024 0.139139247 0.120682238 0.005527148 0.06856705 0.47652798
Valid cases 271 271 260 267 257 256 272 272
One-sided significance 0.474717372 0.406445056 0.293391033 0.011484221 0.026659976 0.464937438 0.129880609 3.9784E-17
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0.249111661 0.08427154 0.157690473 0.005745106 0.499911583 0.110694062 0.2946565 0.007280738 0.026894579 0.003870161
271 263 270 262 272 265 275 265 269 271
1.68055E-05 0.08650905 0.004724661 0.46313102 6.62898E-19 0.036010693 3.26313E-07 0.453048446 0.330283962 0.474717372
0.237537301 0.052778555 0.1903879 0.023001491 0.476810576 0.129893078 0.056727151 0.004661552 0.061084699 0.014444473
271 263 270 262 272 265 275 265 269 271
3.92475E-05 0.196984512 0.000837064 0.355475006 3.79331E-17 0.017280186 0.174332132 0.469898005 0.159108049 0.406445056
0.040485803 0.007498254 0.024778852 0.105022625 0.331238056 0.303162997 0.076736551 0.102561926 0.093218935 0.03386024
254 246 254 246 255 260 257 248 252 260
0.260333254 0.45342679 0.347151468 0.050152831 3.02769E-08 3.13752E-07 0.110100805 0.053563857 0.070017241 0.293391033
0.094761097 0.079187997 0.016414624 0.070158398 0.199124682 0.065161037 0.0606559280.024762771 0.034492611 0.139139247
261 257 260 256 268 256 265 257 260 267
0.063380218 0.102885554 0.396113325 0.131693917 0.000523733 0.149500388 0.162644985 0.346383491 0.289905241 0.011484221
0.0667154 0.182349611 0.0034947680.109052707 0.189703269 0.02304595 0.015838176 0.062753924 0.037137415 0.120682238
262 262 261 261 262 249 261 253 257 257
0.140981793 0.001526503 0.477595673 0.039323373 0.001021238 0.358721897 0.399492323 0.160062844 0.276704246 0.026659976
0.161506194 0.228268543 0.118042963 0.047598245 0.211246799 0.024094147 0.0585985 0.004717694 0.090032251 0.005527148
261 261 261 261 261 249 260 252 256 256
0.004476144 9.98824E-05 0.028419113 0.221922551 0.000295988 0.352588604 0.173319465 0.470298653 0.075446406 0.464937438
0.25758139 0.016432034 0.232777213 0.049879016 0.006166648 0.122303415 0.05130175 0.305420622 0.093333951 0.06856705
272 264 271 263 272 265 275 266 270 272
8.48694E-06 0.395219738 5.49685E-05 0.210251116 0.45968174 0.023349679 0.19837877 1.89021E-07 0.063025785 0.129880609
0.021374718 0.025025923 0.063392451 0.1730454890.5020301130.123286291 0.02087285 0.060613386 0.043350553 0.47652798
270 262 269 261 272 265 273 264 268 272
0.36330711 0.343398264 0.150121125 0.002528372 4.5031E-19 0.022474909 0.365674714 0.163276644 0.239878252 3.9784E-17
1 0.024487978 0.640904049 0.03695284 0.20330233 0.2204189 0.066646264 0.038909964 0.061297244 0.03786755
272 264 271 263 266 259 270 261 264 266
0 0.346032628 4.7981E-33 0.275379333 0.000426433 0.000175646 0.137583034 0.265713386 0.160557404 0.269306057
0.024487978 1 0.01897344 0.436486873 0.1426634750.1058831480.0068641040.0472957040.044936627 0.113864184
264 264 263 263 262 251 263 255 259 258
0.346032628 0 0.379703568 5.83837E-14 0.010444168 0.047081056 0.455892176 0.226036908 0.235746386 0.033925752
0.640904049 0.01897344 1 0.028184205 0.117967807 0.164891754 0.026387966 0.0167621030.0755302010.057061922
271 263 271 263 265 259 269 260 263 265
4.7981E-33 0.379703568 0 0.32456029 0.027555438 0.003917814 0.333287111 0.393965849 0.111080105 0.177414358
0.03695284 0.436486873 0.028184205 1 0.074575925 0.027524504 0.069465328 0.017512948 0.007099404 0.145125049
263 263 263 263 261 251 262 254 258 257
0.275379333 5.83837E-14 0.32456029 0 0.114933659 0.332163031 0.131277598 0.39060019 0.454824605 0.009968652
0.20330233 0.142663475 0.117967807 0.074575925 1 0.057365882 0.1632171670.0026109020.124921253 0.245143016
266 262 265 261 273 260 270 262 265 267
0.000426433 0.010444168 0.027555438 0.114933659 0 0.17844717 0.003599084 0.483225775 0.021080696 2.57376E-05
0.2204189 0.105883148 0.164891754 0.027524504 0.057365882 1 0.051653775 0.0916298540.028426508 0.022422735
259 251 259 251 260 266 262 253 257 260
0.000175646 0.047081056 0.003917814 0.332153031 0.17844717 0 0.202521742 0.073069721 0.325064938 0.359476334
0.0666462640.006864104 0.026387966 0.069465328 0.163217167 0.051653775 1 0.038280879 0.077627507 0.035231919
270 263 269 262 270 262 275 264 268 269
0.137583034 0.455892176 0.333287111 0.131277598 0.003599084 0.202521742 0 0.267870494 0.102615308 0.282532658
0.038909964 0.0472957040.0167621030.0175129480.0026109020.091629854 0.038280879 1 0.150093568 0.062098894
261 255 260 254 262 253 264 266 263 260
0.265713386 0.226036908 0.393965849 0.39060019 0.483225775 0.073069721 0.267870494 0 0.007418541 0.159272367
0.0612972440.0449366270.075530201 0.007099404 0.1249212530.028426506 0.077627507 0.150093568 1 0.055097755
264 259 263 258 265 257 268 263 270 264
0.160557404 0.235746386 0.111080105 0.454824605 0.021080696 0.325064938 0.102615308 0.007418541 0 0.186287054
0.03786755 0.113864184 0.057061922 0.145125049 0.245143016 0.022422735 0.035231919 0.062098894 0.055097755 1
265 258 265 257 267 260 269 260 264 272
0.269306057 0.033925752 0.177414358 0.009968652 2.57376E-05 0.359476334 0.282532658 0.159272367 0.186287054 0
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